Chlorophytum arundinaceum is an important medicinal plant and its tuberous roots are used for various health ailment treatments. It has become an endangered species in the Eastern Ghats, and a rare medicinal herb in India, due to its excessive collection from its natural habitat and its destructive harvesting techniques, coupled with poor seed germination and low vegetative multiplication ratio. In order to contribute to its production systems, an efficient protocol was developed for in vitro clonal propagation through shoot bud culture. For this, multiple shoots were induced from shoot bud explants on Murashige and Skoog's medium supplemented with 2.5-3.0mg/L BAP, 0.01-0.1mg/L NAA and 3% (w/v) sucrose. Inclusion of Adenine Sulphate (25mg/L) in the culture medium improved the frequency of multiple shoot production and recovered the chlorotic symptoms of the leaves. Media having pH 5.9 and 4% sucrose showed significant improvement on shoot bud multiplication and growth. In vitro flowering was observed when the subcultures were carried out for over four months in the same multiplication media. Rooting was readily achieved upon transferring the shoots on to half-strength MS medium supplemented with 0.1mg/L IBA and 2% (w/v) sucrose. Micropropagated plantlets were hardened in the green house, successfully established, and flowered in the field. This method could effectively be applied for the conservation and clonal propagation to meet the demand of planting materials. Rev. Biol. Trop. 59 (1): 435-445. Epub 2011 March 01.
It is also used in the treatment of wounds, ulcers and also as a vegetable.
Excessive collections from its natural habitat and destructive harvesting techniques coupled with poor seed germination and low vegetative multiplication ratio have made this species endangered in the Eastern Ghats of India, and also it figures in top lists among the rare medicinal herbs of India (Narasimham & Ravuru 2003) . Moreover, exploitation of this species was made incessantly from the wild, due to the lack of organized commercial cultivation, contributing with the depletion of these natural populations at a high pace. This has justified the urgent need for conservation and multiplication management. Preservation of genetic stability in germplasm collections and micropropagation of elite plants through shoot tip culture allows recovery of genetically stable and true to type progeny (George & Sherrington 1984 , Hu & Wang 1983 . Since to date, there have been only a few reports available on the micropropagation of C. arundinaceum (Lattoo et al. 2006) , the present investigation was undertaken with the objective to develop an efficient micropropagation protocol for mass production, to facilitate supply of quality planting materials and to conserve the existing germplasm of C. arundinaceum. At the same time, we report simultaneously some factors (pH, carbohydrates types and concentrations) affecting the shoot multiplication.
MATERIALS AND METHODS

Plant material and surface sterilization:
This study was conducted at the Directorate of Medicinal and Aromatic Plants (DMAPR), Anand, Gujarat, India. Roots were collected from healthy plants of C. arundinaceum from the field, grown at the Directorate of Medicinal and Aromatic Plants in Anand, Gujarat, India. Roots were washed with 2% (v/v) detergent Teepol (Qualigen, Bombay,India) for 20 minutes, followed by rinsing five to six times with running tap water. Sterilization of roots was made with a mixture of 2% (w/v) Carbendazim and 1% (w/v) Streptomycin for 30 minutes, followed by surface sterilization with 0.2% (w/v) aqueous mercuric chloride solution for 15min; then they were rinsed three to four times with sterile double distilled water prior to inoculation. After surface sterilization, the root portions were cut leaving only the stem disc portion which was used for shoot bud sprouting. The sprouted shoot buds were used as explants.
Culture medium and condition:
The shoot buds raised in vitro from stem disc were placed on semi solid half-strength basal MS medium (Murashige & Skoog 1962; MS) , supplemented with different concentrations and combinations of 6-Benzyl Amino Purine (BAP) or Kinetin (Kn) at 0.0, 2.0, 2.5 and 3.0mg/L, Adenine Sulphate (Ads) (5, 10 and 25mg/L), Indole Acetic Acid (IAA) at 0.0, 0.01, 0.05, and 0.1mg/L or a-naphthalene acetic acid (NAA) at 0.0, 0.01, 0.05 and 0.1 mg/L and 3%sucrose for bud proliferation and multiplication. The pH of the media was adjusted to 5.8 using 0.1M NaOH or HCl before autoclaving. The MS medium was gelled with 0.8% (w/v) agar (Qualigen, Bombay, India). Routinely, 25mL of molten media was dispensed in to culture tubes (25x150mm), plugged with non-absorbent cotton wrapped in one layer of cheesecloth and sterilized at 121ºC for 15min. All cultures were incubated at temperature of 25±2ºC with 55µ moles/m 2 s illumination (cool, white fluorescent lamps) under 16h photoperiod. Cultures were subcultured at four-week interval on to fresh medium consisting of the same media composition for eight-week.
Effect of pH, and different concentrations and types of carbohydrates on shoot bud multiplication: In the first experiment, for rapid multiplication, the single shoot bud (after the first subculture) was used per culture on the best proliferation and multiplication media containing 3.0mg/L BAP, 0.1mg/L NAA+25mg/L Ads along with four types of carbohydrates (3%) such as sucrose, glucose, fructose and commercial sugar to see the effect on shoot development and multiplication after four-week culture. Likewise, in the second and third experiment, four different pH values (5.7, 5.9, 6.1 and 6.3), and four concentrations of sucrose (2%, 4%, 6% and 8%) were tested in the best multiplication media (3.0mg/L BA, 0.1mg/L NAA+25mg/L Ads) to see the effect of rapid shoot bud multiplication after fourweek of culture.
Induction of rooting:
Microshoots (2-3cm long) were cultured on half-strength MS basal medium for root induction with different concentrations of IAA or IBA or NAA (0.0, 0.01, 0.1 and 0.25mg/L) and 2% (w/v) sucrose. One excised shoot was placed in each tube (25X150 mm) containing 15mL of the semi-solid culture media; 0.8% (w/v) agar (Qualigen, Bombay, India) was used as the gelling agent. All the cultures were incubated at 25±2ºC under 16h photoperiod with cool white fluorescent lamps.
Hardening and acclimatization: Rooted plantlets were removed from culture vessels, washed thoroughly with running tap water and planted in pots containing a mixture of sand, soil and decomposed cow dung in the ratio of 1:1:1 (v/v/v). The plantlets were kept in a green house for two weeks for acclimatization before transferring to the field.
Observation of cultures and presentation of results: Twenty cultures were used per treatment for shoot bud multiplication and fifteen cultures for root induction. Each experiment was repeated at least three times. The data of mean culture percentages showing the number of shoot/culture and number of roots/ shoot, were analyzed statistically using Duncan's multiple Range Test (DMRT) in MSTAC vr. 2.10. Between the treatments, the average figures followed by the same letters were not significantly different at p<0.05 level.
RESULTS
Shoot bud proliferation from stem disc:
Shoot buds proliferated within 10-12 days of culture on ½ MS medium containing 1.0mg/L BAP, 3.0mg/L IAA and 3% (w/v) sucrose.; about 10-13 shoot buds were obtained from a stem disc (Fig. 1a) . High concentrations of Kn along with low concentrations of IAA or NAA did not show any promising result for shoot proliferation (data not shown).
Shoot proliferation and multiplication: The shoot buds excised from in vitro grown stem disc proliferated within 10-12 days of culture on MS medium containing 2.0-3.0mg/L BAP along with 0.01-0.1mg/L NAA without intervening callus. The shoots proliferated and elongated to 1.0-1.5cm within two weeks of culture (Fig. 1b) . There was no sign of shoot proliferation when shoot bud explants were cultured in media without cytokinin and auxin.
At lower concentration of BAP or NAA, the rate of shoot proliferation declined (data not shown). Inclusion of NAA (0.01-0.1mg/L) in to the culture medium enhanced the rate of multiplication compared to the medium having BA+Ads. Rapid shoot bud proliferation and multiplication was achieved on MS medium containing 3.0mg/L BAP with 0.1mg/l NAA and a maximum of 13.65 shoots were produced per culture in different treatments within four week of culture (Table 1 , Fig. 1c) . Further, addition of Ads (5-25mg/L) enhanced the frequency of multiplication rate and recovered the chlorotic symptoms of the leaves. The rate of multiplication of shoots declined on medium containing kinetin in combination with IAA or NAA. The regeneration ability was maintained up to eight-week period on ½ MS+3.0mg/L BAP+0.1mg/L NAA+25 mg/L Ads by regular subculture at every four weeks (Fig. 1d) .
Effect of carbohydrates on shoot bud regeneration:
Among all the carbohydrates (sucrose, glucose, fructose and commercial sugar) tested, sucrose at 3% produced the highest number of shoot buds followed by glucose (Fig. 2a) . The frequency of shoot bud/explant development decreased considerably in the presence of commercial sugar and was completely inhibited by fructose. Shoots developed in the presence of sucrose were healthy as compared with those produced in the presence of glucose. Shoots were short and slender and in most cases, the leaves turned yellow within a four week culture. Considerable variation in shoot bud regeneration was noted when the concentration of sucrose varied in the basal medium. The highest number of shoot buds was obtained in 4% sucrose (Fig. 2b) ; concentrations of sucrose more than 4% inhibited shoot growth with yellowing of leaves. Though 2% sucrose showed high response for shoot bud proliferation, however, the number of shoots/explants was found to be lower than 4% sucrose.
Effect of pH on shoot bud regeneration: Shoot bud multiplication was obtained in media containing basal salts supplemented with 3.0mg/L BAP, 0.1mg/L NAA and 25mg/L Ads at pH 5.8. Significant variation on shoot bud multiplication was noted as the pH of the medium varied from 5.9 to 6.3 (Fig.  2c) . The maximum rate of shoot proliferation (14.2±0.39) and culture response (86.66±0.99) was recorded in the medium having pH 5.9.
In vitro flowering: Shoots could flower in vitro when the shoot buds were subcultured every four weeks for four months on to ½ Ms+3.0mg/L BAP+0.1mg/L NAA+25mg/L Ads (Fig. 1e) . The developing inflorescences appeared in the shoots and lasted for one to two months.
Induction of rooting:
Initiation of root from microshoots was inhibited in the medium without auxin. However, optimal rooting and growth of micro shoots were observed on medium containing 0.1mg/L IBA with 2% (w/v) sucrose within 9-11 days of transfer without intervening callus (Fig. 1f) . The percentage of shoots forming roots and the roots/shoot significantly varied with different concentrations of IAA, IBA and NAA. Though IAA and NAA induced rooting, however, the response is very low and time taken for rooting is also long. The percentage of rooting was 94.5% on MS media supplemented with 0.1mg/L IBA (Table 2 , Fig.  3a) ; the number of roots/shoot, however, varied among different treatments.
Acclimatization and field establishment:
About 98% of the plantlets established well and flowered after six weeks of transfer to pots (Fig.  3b, c) . The acclimatized plants exhibited normal development and no gross morphological variation was noticed after transfer to the field. 
DISCUSSION
The present study showed that it was possible to explore the morphogenetic potential of C. arundiaceum with the application of growth regulators. Besides, with an appropriate type and concentrations of sugars, and the media pH, play an important role for rapid shoot bud multiplication. The ratio of cytokinins to auxins in the culture medium is a crucial determinant for primordial induction and shoots formation. The type of exogenous cytokinin used in the medium has a marked effect on the frequency of shoot proliferation (Carmen et al. 2001 , Fracaro & Echeverrigaray 2001 . Of the two cytokinins used, BAP was more effective for shoot bud proliferation than kinetin corroborated with Rout et al. (1999) . The importance of Auxin and cytokinin balance has been reported in regulating the apical dominance as well as in morphogenetic events such as shoot formation and multiplication (Li & Bangerth 2003 , Werner et al. 2003 , Nakagawa et al. 2005 . Another factor that may influence the morphogenetic events during in vitro culture is a possible interaction between the endogenous concentrations of plant growth regulators and those present in the culture medium (Pinto et al. 1994 , Mercier et al. 2003 . As concentrations 2.5-3.0mg/L BAP favored the shoot bud proliferation and multiplication, this could be the optimum BA concentration for cytokinin and endogenous Auxin balance that resulted in release of the apical dominance in the culture conditions. Since apical meristems have been reported as Auxin producer centres (Nakagawa et al. 2005) , therefore to balance auxin and cytokinin ratio, a higher concentration of BA showed significant effect on the shoot bud proliferation and multiplication. The data showed that combination of high concentrations of BAP with low concentrations of NAA enhanced the shoot bud multiplication as reported earlier (Prakash & Staden 2008 , Amoo et al. 2009 ). The combination of cytokinins and auxins triggered the rate of shoot multiplication in various medicinal plants (Francis et al. 2007 , Sivanesan & Jeong 2007 , Samantaray & Maiti 2008 .
Our results demonstrated that medium containing sucrose produced the highest average number of shoot buds per culture as compared to other carbohydrates used. Apparently, the osmoticum like sucrose conjugates with growth regulators to make sugar alcohols, a form of compounds that could be transported to the cellular system quickly and could help to maintain protein stability in the cell (Warieng & Philips 1982) . However, the frequency of shoot bud development decreased considerably in the presence of glucose and commercial sugar whereas a Fructose showed complete inhibition of shoot buds formation. Similar type of response was observed in Zingiber officinalis (Rout & Das 1997) . Hydrolysis of sucrose into glucose and fructose can bring about a relatively small change in osmotic potential in the medium whereas the incorporation of monosaccharides in to culture media may cause a relative large change in osmotic potential (Fujiwara & Kozai 1995) . Influence of various carbohydrates on shoot developments in nodal cultures of different genotypes of Anacardium occidentale was reported (Gammas & Bessa 2006) . The highest number of shoot buds was obtained in the media with 4% sucrose. However, concentrations of sucrose more than 4% inhibited shoot growth with yellowing of leaves. Possibly the higher concentrations of sucrose enhanced the level of polyphenols which resulted in inhibiting shoot bud differentiation. Similar effects of sucrose have been made earlier in Gentian (Zhang & Leung 2002) .
Though a standard practice is to adjust the pH during media preparation, however, it is well known that the pH of the medium changes during autoclaving and also in the presence of living plant materials (Gamborg & Shyluk 1981 , Williams et al. 1990 ). The maximum rate of shoot proliferation and culture response was recorded in the medium of pH 5.9. The effect of different levels of pH in the medium on shoot multiplication was reported earlier (Ebrahim & Ibrahim 2000) . Our results showed in vitro flowering in the shoot buds subcultured every four weeks for four months. Though transition to flowering in vitro is regulated by an array of both external and internal factors (Bernier et al. 1993 , Kinet 1993 , however, cytokinins in combination with Auxins may promote in vitro flowering reported earlier (Naor et al. 2004 , Qiao et al. 2008 . Optimal rooting and growth of microshoots C. arundiaceum were observed on medium containing low concentration of IBA without intervening callus. Similar observations were made in various medicinal plants viz. Aloe barbadensis, Vitex agnuscastus, Filipendula ulmaria (Samantaray & Maiti 2008 , Balaraju et al. 2008 , Yildirim & Turker 2009 ).
In conclusion, an attempt was made in this investigation in order to develop a rapid clonal propagation system of C. arundinaceum by manipulating growth regulators, carbohydrates and pH. The pattern of morphogenesis was dependent on various growth regulator regimes along with different factors like carbohydrates, sucrose levels and media pH. Though BA along with NAA and Ads helped in shoot proliferation and growth, the presence 4% sucrose with pH 5.9 promoted high frequency shoot proliferation. Mass multiplication of C. arundinaceum is feasible for field plantings to produce roots as the chief source of saponin for the pharmaceutical industries. This in vitro protocol would provide an effective strategy for the conservation and building up a nuclear base populations of this widely exploited plant species.
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RESUMEN
Chlorophytum arundinaceum es una planta medicinal importante y sus raíces se utilizan en diversos tratamientos contra enfermedades. Se ha convertido en una especie en peligro de extinción en el Ghats Oriental y una hierba medicinal rara en la India, debido a la recolecta excesiva en su hábitat natural y la manera destructiva de cosecharla, asociado con una mala germinación y pobre multiplicación vegetativa. Para contribuir con sus sistemas de producción, se desarrolló un protocolo eficiente para la propagación clonal in vitro a través del cultivo de brotes. Para ello, los retoños múltiples fueron inducidos a partir de sus brotes en un medio Murashige y Skoog enriquecido con 2.5-3.0mg/L de BAP, 0.01-0.1mg/L de NAA y el 3% (w/v) sucrosa. La inclusión de sulfato de adenina (25mg/L) en el medio de cultivo mejoró la frecuencia de producción de brotes múltiples y se recuperaron los sín-tomas de clorosis de las hojas. Los medios con un pH de 5.9 y 4% de sucrosa mostraron una mejoría significativa en la multiplicación y crecimiento de las yemas. En la floración in vitro se observó cuando los subcultivos se llevaron a cabo durante más de cuatro meses para los mismos medios de multiplicación. El enraizamiento se logró fácilmente al transferir los brotes a un medio MS de intensidad media enriquecido con 0.1 mg/l de IBA y 2% (w/v) de sucrosa. Las plántulas micropropagadas maduraron en el invernadero, se establecieron exitosamente y florearon en el campo. Este método se podría aplicar para la conservación y propagación clonal con el fin de satisfacer la demanda de material de siembra.
